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Petrochemical Opportunities in the New Nylons

By PETER W. SHERWOOD

Consulting Chemical Engineer, White Plains (N.Y.)

Nylon, the oldest wholly synthetic fiber type, contin-
ues to be in the major growth phase which has charac-
terized its expansion over most of the last decade.
World-wide consumption is expected to rise from 2.0
billion pounds in 1964 to at least 3.3 billion pounds by
the end of the decade. Of the total world manufacturing
capacity, estimated to reach 3.4 billion poundsjyear by
year-end 1966, some 40% is found in the United States,
and 35% in Western Europe. Similarly, statistics place
U.S. production at 45% of the 1964 total and Western
Europe’s share at 32%.

Significantly, world-wide growth is now proceeding at
an accelerating rate, with the end of the uptrend not yet
in sight. Following is the production performance during
the period 1959-64:

% Increase Over Previous Year

Western

Europe Americas All Other
1960 33 7 23
1961 15 17 22
1962 35 28 21
1963 25 14 33
1964 20 18 41
1959-64 175 114 242

Although the word “nylon” seems to conjure up the con-
cept of sheer hosiery and apparel, above all, these con-
stitute only about one-quarter of total nylon consump-
tion. Instead, total U.S. demand in 1964 was distributed
to the following estimated end use percentages:

Tires 32%
Carpets 22%
Hosiery and Socks 7%
Upholstery 6%
Apparel 17%
Industrial - 9%
Stretch Fabrics 5%
Other 2%

100%

The high growth rate in nylons (and other synthetic
fibers) which characterizes the 1960’s must be viewed as
a long-awaited break-through in the highly conservative
textile industry. In the industrial field, the progress has
been made possible, above all, by better physical prop-
erties (e.g., tensile strength) than could be obtained at
comparable cost in natural fibers. In the consumer field,
the development has been tied to extensive consumer
education, coupled with development of more widely

acceptable after-processing techniques (dyeing to a large
range of shades) and the introduction of products of
special properties such as bulk and crimp development.

Even within the field of nylons, the difficulty of intro-
ducing a new fiber, or fiber type becomes apparent from
experience with nylon-66 and nylon-6. The former ap-
peared first on the American scene and, in 1964, ac-
counted for 78% of nylon production* in the United
States. In Germany, by contrast, nylon-6 was first avail-
able, and this type provided 65% of that country’s nylon
output during 1964.

There is not enough difference in the quality of these
two nylon types to justify such sharp distinction in de-
mand. Each has slight advantages and slight disadvan-
tages over its competitive nylon type. Nylon-66 enjoys
a somewhat higher softening point. Nylon-6, on the
other hand, has the advantage of better weathering
properties and, in some cases, better dye affinity. How-
ever, these distinctions are being blurred as new grades
of each polyamide class become available. List prices for
both types are the same (though nylon-6 has on many
occasions been available in the U.S. at some discount
below nylon-66).

Instead, the different degrees of acceptance for the
various nylon types are grounded principally in histori-
cal priority. There are fine differences in dyeing and
throwing characteristics, enough to make the fiber pro-
cessor shy away from adapting his operations to a dif-
ferent fiber without obvious sharp advantage in price or
properties.

Despite these customer attitudes which work against
new fiber types, very considerable work is directed to-
ward the development of new nylons. While there is
always the hope for a lower-cost monomer or polymer at
the end of the rainbow, there is now no development in
sight which could hope to rival the general-purpose
polyamides, i.e., nylon-6 or nylon-66.

Thus, the emphasis is on the development of nylon
modifications or nylon types which will overcome a
standard problem encountered with the established
fibers—e.g., a fiber which avoids flat-spotting in tire
cord, a product of higher softening point, a material of
better electric properties (higher resistivity, lower
‘moisture absorption), a nylon which can be crimped and
bulked in the fabric, etc.

Many approaches may be taken in research toward
these ends. The greatest publicity has been given to

* The share of nylon-66 in fibers is even greater; in the U.S. nylon-6
finds substantially better acceptance in molded and extruded
plastics than in fibers.
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No development is now on the horizon which pro-
mises to provide an independent source of other nylon
monomers at lower cost. And it should be borne in
mind that the commercial introduction of a new fiber is
accompanied by so many difficulties and obstacles, and
by such high cost to both manufacturer and converter,
that a marginal price advantage is not enough. This
aspect is highlighted by the different marketing experi-
ences with nylon-6 and nylon-66 in the U.S. and in
Western Europe, as outlined earlier in this article.

The best present hope for new nylons is to fill speciali-
ty needs. Thus, nylon-12 has already carved a niche for
itself (approximately ten million pounds/year) in Ger-
many and France, and may soon reach commercializa-
tion in the U.S. Nylon-11 enjoys a small commercial
position in France and U.S.S. R., as well as in Brazil and
India (where a special raw materials position can be
utilized). Chemical modifications containing phenylene
groups (e.g., “Nomex”) are becoming commercially
significant in the U.S., as discussed. Nylons containing
cycloparaffinic groups as well as nylon-7 (which is in-
herently superior to nylon-6) are in semi-commercial
development. The use of a second type of nylon, to be
blended with nylon-66 is indicated in the manufacture of
*““Cantrece” nylon.

Some of the basic rules governing the properties of
homologous types of nylon, as well as the effect of intro-
ducing phenylene substituents,have been outlined above.
It now appears in order to take alook at some of the indi-
vidual specialty nylons which are today either commercial
or are being considered for commercial introduction.

Nylon-3. Beta-lactams can be readily polymerized to
form the corresponding substituted nylon-3. The ease of
polymerization declines with increasing degree of sub-
stitution. Either hydrolytic polycondensation or anionic
polymerization can yield polyamides of very high molec-
ular weight (up to 500000) and, indeed, a nylon-3 fiber
for textile purposes requires an average molecular
weight of at least 200 000. Significantly, the spun fiber is
highly crystalline, even without drawing,.

The raw material beta-lactam is obtained by the
reaction of secondary or tertiary olefins with N-carbonyl-
sulfamyl chloride, the latter being a condensation prod-
uct of cyanogen chloride and sulfur trioxide. Though the
polymerization step is relatively straight-forward, spin-
ning the chip into filaments is rendered difficult by the
high melting points and low solubilities of the polymers.
Several of the substituted polymers are subject to de-
composition at their melting point (around 300°C). One
process which has been explored on a developmental
scale involves spinning from a methanol solution of
calcium thiocyanates in which some of the nylon-3
polymers are fairly soluble.

The fibers are characterized by high melting point and
excellent resistance against oxydative attack. Dyeing
characteristics are similar to nylon-6, though the affinity
for dyes is somewhat lower.
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Nylon-4. Pyrrolidone is the raw material for nylon-4
types which have undergone a small amount of com-
mercial development (e.g., by BAsF and by General
Aniline and Film). Pyrrolidone is synthesized by the
condensation of formaldehyde with acetylene to form
butyne diol which is converted, via butanediol-1.4, to
ammonia to form pyrrolidone.

Anionic polymerization, catalyzed by alkali and pro-
moted by acyl compounds, permits a reasonably satis-
factory polymerization of pyrrolidone. On the other
hand, the hydrolytic polycondensation of this monomer
does not lead to a polymer suitable for fiber formation.

Because polypyrrolidone is almost quantitatively re-
verted to its monomer above 265 °C, melt spinning can
be achieved only by techniques in which the polymer’s
high-temperature retention time is minimal. Neverthe-
less, melt spinning is preferable to solution spinning be-
cause filaments of higher tenacity are formed. The re-
sulting nylon-4 is not, however, superior to nylon-6 in
any significant aspect except melting point (which can
be raised by other means such as introduction of pheny-
lene groups). Moreover, nylon-4 exhibits such high water
absorption that oxidative degradation and soiling can be
expected to be serious obstacles to satisfactory use.

Thus, no offsetting advantage is seen in the perform-
ance characteristics of nylon-4 which might justify the
relatively high cost of its monomer and the technical
difficulties in producing and spinning the polymer.

Nylon-7. Typical melting point of this polymer is
220°C (v. 208°C for nylon-6) and moisture absorption at
20°C and 65% R.H. is 2.6%, compared with 4.7% for
nylon-6. Nylon-7 thus has inherent advantages over
nylon-6 which have justified its careful consideration as
a fiber of commercial potential. '

Again, the material’s future depends on monomer
economics. Broadly speaking, its physical properties are
intermediate -between those of nylon-6 and nylon-66.
Because of its higher wet modulus at 40-60°C, however,
the wash-and-wear properties of nylon-7 are expected
to be superior to those of either nylon-6 or -66.

Two processes for the manufacture of the monomer
are of potential interest: (1) telomerization of ethylene
on a carbon tetrachloride substrate, and (2) synthesis
of 7-amino-heptanoic acid from cyclohexane via é-
caprolactone.

Of the two processes, the first-named is today com-
mercial in the U.S.S.R. Three key steps are involved:
telomerization of ethylene in the presence of carbon
tetrachloride to form 1-chloro-7-trichloro-heptane; this
is followed by hydrolysis to the w-chlorocarboxylic acid,
and finally by ammonolysis to w-amino-undecanoic acid.

Of the three conversions, the first step (telomerization)
is the key development. Azobisisopropyl cyanide serves
as reaction initiator. Product distribution can be varied
over wide limits by adjustment of operating pressure and
ethylene/carbon tetrachloride feed ratio. In any event,
substantial amounts of homologous aminocarboxylic
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Nylon-12. Among aliphatic homopolyamides, this
specialty nylon has attracted particularly extensive
development work in recent years. As previously men-
tioned, the product is commercial in France and Ger-
many, and may soon be commercial in the United
States as well.

As a fiber, the principal advantages of nylon-12 over
other commercial nylons are its low moisture absorption
and its good dielectric properties. However, the product
is inherently expensive and its use will be limited to
specialty products.

Perhaps greater significance, though, attaches to the
use of nylon-12 for specialty .plastics and films. As
plastic, the material is superior to nylon-6 because of its
ease of fabrication and better dimensional stability. As
concerns use of film, especially for food packaging
(where authorized), nylon-12 has the great advantage
over nylon-6 that there is almost no reversion to the
monomeric or oligomeric form.

Raw material for nylon-12 is lauryl lactam. A number
of potentially interesting syntheses for this material are
possible; all start from butadiene-derived 1,5,9-cyclo-
dodecatriene (6). Particular interest attaches to the
syntheses via cyclododecanone and its oxime, and via
Oxo conversion of cyclododecene to cyclododecyl car-
binol which can be oxidized to the corresponding car-
boxylic acid and finally converted to lauryl lactam
according to the process developed by Snia Viscosa for
caprolactam manufacture.

Miscellaneous Nylons. The effect on melting point of
introducing aromatic rings into the molecular structure
of polyamides is shown in Figure 3. This is the approach
chosen by Du Pont in its high-temperature “Nomex”
(formerly HT-1) nylon.

Use of metaxylene diadipamide (produced from
metaxylene diamine and adipic acid) is commercial in
Japan. Evaluations by Goodyear suggest that this type
of nylon is second only to polyester fibers in its potential
attractiveness in tire cord construction. However, this
evaluation assumed a price of MXDA which can only be
achieved in very large-volume production. More recent
work by CELANESE (7) indicates that MXDA-type nylon
is particularly sensitive to heat and moisture, and that
it is therefore barred from a large range of textile ap-
plications.

Instead, CELANESE has turned to nylon-6T, a copoly-
mer of hexamethylene diamine and terephthalic acid.
As already noted, para-substitution of the benzene ring
results in very high melting points. In the present in-
stance, the melting point is reported at 370 °C—too high
to permit melt spinning. Accordingly, it is necessary to
spin this polymer by a wet process using concentrated
sulfuric acid. Polymerization, too, may be expected to
call for special techniques.

Structurally, this polymer combines aspects of nylon
with those of polyester fibers. This intermediate position
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is also reflected in the resulting polyamide’s physical
properties which are intermediate between those of
nylon-66 and polyesters. Thus, nylon-6T reportedly
exhibits the density, moisture regain, abrasion resist-
ance and elastic behavior of nylon, while its tensile mod-
ulus more closely resembles polyesters. The fiber has
outstanding ability to resist stretch and very high work
recovery at high temperature. Flat-spotting behavior is
about the same as that of polyesters.

Chemstrand’s recently announced developmental
high-temperature nylon goes a step further in using
aromatic substitution both in the diamine and the
dibasic acid which make up the polymer. In this instance,
ordered polymers are obtained by starting with a sym-
metrical diamine in which built-in amide linkages pre-
determine the order when reacted with diacid chlorides
to yield alternating arrangements. The fibers thus con-
tain benzamide structures and they have four phenylene
rings in the repeating unit. Melting points or decomposi-
tion temperatures range from 410°C to 555°C. These
high values are attributed to the regularity of the units
in the chain. By contrast, a random polymer of like
components would have a softening point of 300°C and
a clear melting point of 350°C. Chemstrand’s ordered
polyamides show very high resistance to atmospheric
degradation, even at 300°C.

Introduction of the cyclohexane ring into the poly-
amide structure has been investigated by Tennessee
Eastman Co. (8). The polyamides of trans-1.4-cyclo-
hexane bis (methylamine) were found to have higher
melting points than the analogous polyamides of p-
xylene-a,a’-diamine. Polyamides of the cis-isomer of
cyclohexane bis (methylamine) melted below those of
the trans-isomer.

Other nylons which have been explored on a develop-
ments scale as potential fiber-forming materials include
the copolyamides of adipic and isocinchomeronic acids
with HMDA, polyoxamides (from oxylic esters and
diamines), copolymers of caprolactam and aminotriazole,
and others. Actually, the list of nylons which have been
produced in the laboratory, following the general poly-
condensation techniques outlined above, has reached
book-size proportions. In it, there is a large number of
polyamides which have the technical suitability for
development of successful fibers. The limitation barring
their actual development is economic, due principally
to less favorable monomer economics when compared
with the raw materials for nylon-6 and nylon-66.
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